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ABSTRACT: 

PROBLEM TO BE SOLVED: To set an optimum ignition timing based on an Ion 
current waveform detected through an ignition plug. 

SOLUTION: A combustion control device for an engine is formed such that an 
Ion current waveform flowing to an ignition plug 1 after the lapse of a spark 
discharge period is detected by an Ion current detecting circuit 4, a signal 
processing of the ion current waveform is effected by a low-pass filter circuit 
21 and a high-pass filter circuit 22, and based on the Ion current value 
processed by the low-pass filter circuit 21, an ion current value collated to a 
combustion pressure is detected by a control circuit 23, and based on an ion 
current value processed by the high-pass filter circuit 22, an ion current 
vibration value correlated to a knocking is calculated. Further, based on the 
ion current vibration value, the presence of a knocking is discriminated, and 
an ignition timing advance angle is advanced such that when knocking 
non-detecting state is produced, an actual ignition crank position obtained 
from a maximum combustion pressure crank position calculated based on the peak 
value of an ion. current approaches an optimum ignition crank position. 
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«llSiil!l^^^J:6y-fX■C•^)Sig^«[|fi^J•^■|^Uc 
f*, Ummm SRWU^'^xy ifUi^m2 2^tiit 

th. zff)Mmm23X'ii. x:f}^iit^±B^^ym 
mizmr!^ ^ jryms i xj^ttai-ri, . 

[ 0 04 7 ] 05 ( b ) (liiaD-A-xy ;l.^l5lS52 
lTJ!iaLJifE»JffllIiI8l2 3t:'tfa!lUfc'f JTy^SlSB^ 

j!-y«0S«t-i?*^^7a!t«^^gjiilf* ( t3) 
Sm±^ (TDC) (t5) b(7)2&miii 

L , -e-oj'm**^;^ h 0 yr^ >y HrtMffl 

ggioe-^' («gi[iii2) ^eitl3Uci:#<^^'5y^' 
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[0 04 81 X, JJe>'^'f'"«;^7■^;^^II|^S2 2{;A^J 

-immm 3 xmk^tit^^ ity^mm^t. 

nm(h) ^zmx o \,z. ^ :^y%m.^zm.u^mm 

ftSSitS, z1x\iJy^yyizm-rS<E.-)jWm\,zi.'> 

y^lizUtii^t^^tztzibt^t hixh , 

10 0 50] f!4, 'f^ymsseiaiB^tcfcv^-c, i^Jcry 

y<mmz\itkmM^\,zdm^ixi::-ms.<^'< :t 
y%m.^mnzi^zi,^^&<n^i[ymm^ixx\.^h 

:^y%^(^mLifim.^in.h. X. ^:tywmitiimz 
lim^ ^ymmkmm&fi^i&wzmi tyiix\^ 
i.7t:J6, :^ymmimm&i>zitktii-r&zbi)''X'^ 
s. 

[005 1] ±Mimmm2 sx-n. nmuc^^ym 
m. ^ ymm^mizs-^^ ^mff)Am 

[00 52]tiT. 02-114 t:*-t7 0-f-^-H= 

srf^immmm ax-mm-i.^t^mmiz-^^'^ 
xmm-r?>, 

[0 0 5 3] m2iziimmmE^^yy'^&M!isitii>i— 
f-y*5^$ftTv^i,. 5fe-f. XTyrsiX'i^yyi^f-< 
fi':^ tWii'y y^f^ivxiizn-fhitJ^fVVXffM 0 

m^t^zmrst^')<msmxhmm^nx (x=# 

1 , # 2 , # 3 , # 4 ) *5MncO§ij§T'3!>-6*v^m©W 
8iJS:ffV\ ;<T>y7-S2^jttf. 

[ 0 0 5 4 ] X-f 7 rs 2T'{iSiMtffl^ffiXc7)E«IJi 
JE^Sff (BTDC) 9 7* CA$:^-r^'5:^^'>"?;l'X*« 

B^iti^, -iityW&mxiimL^. IdliESSBOO 
Bf^r HUXtC'f 3r:^1tSEffiT-^ I x(l) t LTIB'gU 

Jtfs, XT-yrsA^m?f-^ »:i7)H-a!imfsxc7)BTDc 
9 7 • c A 2rs^-r 7 y^fvvxtiix^ ^tu-zi3^imm 

[00 5 5] -C-LT, ^tz. yK(rmm%WiX<r>BTDC 
97' CAiiF.t9yy'^JVVXti^Xfi^ixX^^^j:\.^t 

^yr^)yymii^t^mzx^-yrsA^m 

c7)r H vxiz^ :t ymsEiiT-^' I x(2) fc LTisii-r 
I.. coiptc. xt- vts^xm. a^ai^©xco 

BTDC97* CA*>/5>»:<OtfamfgjXOBTDC9 7 

• chtx'<7)>{tywm.i^^^yr^)yymmt^>.t 
^^zwshA^x. wm'^3o\,z^:iym^m.f—? ix 

(0). Ix(l). Ix(2)-Ix(n)ttT)l||»Je«L. »:0 
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1 2 

U-Sim®X(7)BTDC9 7"' CA5:^f 

[0056] iffm^. muz^^-ti. 3 {ciiettfflimi! 
xc*ttS'f*ymsniix<7)n-aiEs^#x<i, 

SI^^X<7)BTCD9 7- cAi]^h'd:.<mm%mx<^B 

TDC97° CASfOlSO" CAt^S. 

[0057] »:v^T. xr-yrs s^jttf , ±ieie« 

(UK 3 0 eig ? ilT V y mSSfi I X (1) . I X (2) 

10 mm (ia5(b)c7)to~ti) mmim.-fh:^'7 
ity^WMi^^im-fi., 

[0058] -eLT. 0<IxSHSr^n-rS1lO«0'f:t>' 

«g[<iixH*5^^$ii;ti:i=, XT-vrse^m-. e 
tiiiiKB 0 \,ztm.^ixx\^hm^i(y%^m i xm 

Ix (Alx-Ix(new)-Ix(old)) ^n^L. dO^sj" 
VHaS^'ftiA I x*^ A I x< 0 A I x^ O-^Mk 
20 L^ttli (05(b)<Ot2. t4) , ;^-f-/rS 7/^51 

-eixmmjj-y«of^-fbfiA ix$rJi<j:»aiL, 

A Ix^O*»<?>A Ix<OA>^^tL7ti:§;^r-yrS8-^ 

[00 591 Xx-yrs STti, ±lfi>f JTyttSS^^UI 

A I x£OA I x^ O***^ A I x<0^cOS-fk*»'2ll]S*>5: 
WJL, llIIgOi:#ti;^r-y7-S6^'3. 2|5ia«0 
t%\iXT'/rs9'\TUih.. ^ffyt^ffii^yyi'Qm.A 

x$r, ^Mta!lS\fi5X<7)ft;*cjJi!|Mffi?'9yi?fii«APXma 
xi:Lt±iBieig|BISS3 0tCieiiL (APXmax^Ax) . 
30 XT-yrSl^h. 

[0060] H5 (b) l,Z^p-tXdl,Z. -^Jtymaffli 

HffiilClgTU. iX^^t-. mJhJEA (TDC) $:^l5^t' 

±ie;^x>y7'S5T'ii:>f3r>^8g 

filxfcx^^xK/i-Ht^rJtl^-rscii-C, :k.im 
TOig (tO~tl) iS:MJiL7t*^S*>5rWJL. ;^T-y 

t!tB#^i&«iaiL, <J:ot-;^x-yTS7T'±ie^:tvm 

40 'f*V«^tf Ix(Ot-:?jiS:«!aS-tS. 

[006 1 ]iJ:{c. ll3(CS^-r7o-f-^-McS-:J^ 

y•y^y^^€iS^^-f•y^^ov^TS^BJ■rl.. 5fe-r. x 

X y r s 1 1 T-^' 5 y^'^v\^xRi/m^ yyy>^)VX\,Z 

mhi]K)^)vxm\'^'ai^m\izm^%MjmiSi!m 

SflmfiSX<0ff«±5E^H? (BTDC) 9 7- CAJr^t 

tzt%XT-jys\3'^M?f-. >'^-fv^•X7^;^^'I11^82 
2*>^>ai:»]3a!t«ff{c«-:fv>Tlh«!lUv:^ jfymiSS 
50 UmiDxSrSBi;?*. tettlllB3 0KIB«L^». ^^t' 
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1 3 

h. 

[00 62] -5- LT. ^tz. <>:Otf-a!IS\fl5Xc7)BTDC 

^SSmiSXiOBTDC 9 7 • CA*>A>»:cOlta!I^fi[X 
(7)BTDC9 7' CAilT"0>f;fy1Ba[«il<lIDxi& 10 

i^yr 'J yyw^L tft^2B^a^T^ leiiiiifss o 

»JeigL, iXcOH-a!imi§iXcOBTDC9 7' CA^^^^- 
[0063] •e<7)fem. 117 {w^-f J: 0 (CiieH-il^lSI 

xtcw-rs^Tj-vBajgiiifi I Dx(otfffliKS^#xji, 

§SH-a!I^ISSXOBTCD9 7* C A*>A>»:<Otf«ISlflf 
XC0BTDC97* CArat*<0180* CAi^S. 
[ 0 0 6 4 ] XT vr S 1 5 T-ti. ±i£E1il2l8l 3 0 {C 

ttiKxSrstai-ri.. 

I Kx-^ ( Z I I Dx(n) - I Dx(n-l) I ) /T 

-tttih^. -i^^mmM. Msy%wmm\ dx 

\'^lii.yi^y^mmi:b'i^'^y^-i'ttXr—r>l^m 30 
[0065] m&i^Mm&'^'yy'^'&S.APKmx. R 

i^y y^yymi kx<i. m4iz7rst^mmmM/i^- 

•yrS2 IT. 4-IlI<^thSlSv©XSrflS!IL. Xr^rs 
-r-yr^mSIfhKft-C^LTS^UysSliRA^Mt 

[00661 iJCV^T-, Xr -y rs 2 3T\ feit[il»3 0 40 

{cst;s-ri)S;*cM^:77>'^'GaAPXiiiax. at<y>y 

^y^^miKxtiWiLi^. XTyrS24X\ ±12/ 
•y 9^yifm. I Kxi: y y ^'df y^'fJ^fflK t i&ifcSS 
L, IKx>Kcoy-y^y^^«ia5«Oi:^(i:XT-yrS2 

[00 67] X. ±ieXT yrS24T\ IKxSKcO 

j',i^yr^W^<nt%\tXT'/-TS2(>'^^^ kil 50 



iHf^^l 0-2 5 2632 
1 4 

ikm (s^jk^yyifm.) mmMifcmMiki' 
yy^mmeppii'omnx\'>?>i)^i:m^L. mx.x\>-^i 

mzmi^tix\^h^'mn&0 1 Gs-igs^^kta-jt 
nmEL^&x'wmt. XT-yr S2i^h. ± 

ifflfc*d!iHKE^ 7 V^'ffiSA PXinax*»4,#^,*lS|||g«0 

^f^mti^W^lfzmAik^'yyi^iyLW.dmzM 
lXMilX\<'^^\.'>t^ii^ ^<7)ttXT'yr S2l^ 

[0068] ^cnm^. isii^^m-? •yrco^mmiiz 
mfi^tix\>^i^^n&0 1 GA<xyxycoae«is 

[ 0 0 6 9 ] i^j, •yriztm$tix\^?> 

9mtmR^SE^ki:^^yj<—!fttXm3Lttl. X 

[0070] dcoi 0 iZ. :^^<mmX'ii. nw>JX 
7 ^ ;l.^igSS2 1 1 J: OSfiM^t J: 5 / >f 

mmm^x-h t t Kfi:*:MMK]^-r ^ 5 y ^' fii 
trmmzmmthztii^x^i, mz. mKeAmm 

^m.^i-^zbti^x'^6, 

[ 0 0 7 1 ] X. H8tc*l6BJc7)^2Slifeco}e®lcJ:S 
i: R-oxr •yrfc:oi,^TJiR-0??^Sr# LTIKHS^ 

[0072] mmim^yy^w. 
1 A pxmaxs-s:^d»^ffi^' 7 {jsv -y rcDmimz 
WiL. z<r)m^i,zim^ixx\^im^m.'?yy 

^'CiBA PXmaxSrAoaTJ^JOa-ri. i: X'mdtSMt 
[0073] 5feT, XT y 7-S 1 X':^-m^^mX'hh 

mimk Ti'-t;msitizm^^^'yrimsim.n 

x-^mixm^ttim^^^^t, xyi^ymcitt 

(0 0 74] JXV^T", XT yrS2~S8T'f3j-yma 

ffl I xi7)2Sgc7)f-^'<l$:|ta!]L/ii: ^O^' 5 
■Ax^rmaSL, Xr-yTS3 2X\ ^\sinnittz9y 

y^{m.Axtm^%tiiUcm-nsmii^(o^'yyi^& 
mAxm)bizmrs^. it^^iz^-nm^i^mizx'o 
^^(DSckmzi' yy^m-A pxiDax?r»ai-ri. . 

APXmax*- (a • Ax(old)-(:/S • Ax) / (a+/3 ) 
[0075] -f-LT, Xr-yrS33t\ ±^*-^>aai 
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[0076] z<7)X 0 tc, :^mmmmizxtnmi^ 
Aikmmm(omz±Mm:kmE^yyi^& 

6. 10 

[ 0 0 7 7 ] 09 {c*l6BS(7)m3^Sfi<7)JgffilcJ: |>g± 
mm^yy9m.m.'&)V-^y^^-f. i^. llStPl 

IISg<^Jg®-CJi±feii^*;«S«ffi^' y y^^EA PXmaxS: 
[0 0 78] -t^t)*). msiz^n-tyxj-^A—h km 

yrs 8T"f jj-ymssffl i xco2saoh-^'ffl 

S^t^aSU•CXr•y7•S3 6^Jit^t. ^-HK^'fjrymS 20 

mcoT-yMzmmnx \>^mm x-mm. n cr,^ 

:t I x(n) t »3\:tC^-r^il¥1^3i!iatC 

X . 5 y ^'fiSA PXmax^ Mcffi-r 

I.. 

[|%1] 

0-1 

Ax I- ZAx (n) 
n = 0 



ZZX, al,ifiM(r)imX'$)h. 
[0 0 79] -J-LT. XT-yrS37X\ ±my—V)V 

{zim^tix\.^hmm^x'ff>9yy:^^w.f—?Ax 

(0). Ax(l)-Ax(n-2), Axdi-DSrtAt-^-fr^ftO^ 

Sr^iHiwajL/i^'^y^'iaBAx-cjegTL-c. xr-^r 

[ 0 0 8 0 ] X, la 1 0 {C*l&Hj<7)|g4 ||}fec7)jg«tc J: 
^' yy9m.AP)fs^i'kmMMSimMk<rfS.^^ 

Atft{CfB1tUc^*Vm5SfflIx£7)3g^l:«A Ix^ft^W 

or-r? I mt^hmt<riT-i> I x(n)*i4iiNiitc»:aj 

^COt-:? I x(n)*»/^,Sl!0iOT-^ I x(0)Mi(lScai 
C:<7)^-ftaA Ix*sm(7)<l*><i>jE<?Dii^^-fl:L^i: 

y :? fia Ax$:fc*d8m 9 y ^' fig A PXnax i: -r S t, 
[00811 -r^ip-fe, ;^T yrsl~;^f yrs 3T 50 



!Rf^¥1 0-2 52632 
1 6 

ItaS^MiXcOB TD C 9 7 • C AA^i^cXOftaiMMXcT) 
BTDC97- CAcTjEratfO-fjrymSSfilx^rg^B* 

raAtia^-cn-s3u>:fi. XT-yrs4i^jitffc, s 

fflr- I I x (0) n-yj^N^izm L (r ^T- 9 (new) t * 
v^T-:?(old)fcSrSiaiU, i<r>mi)^t^^:^y%m: 
fldlAIx (AIx«-Ix(ne«)-Ix(old)) ^fitJliU^ ^ 
^i-yma^'fbMA I x*>\ A I x< 0*»^) A I x^ 0 
^^^^LL^tt^ (ll5(b)<5Dt5) , ^7-3 9^ 

-eoti^co^^^y^ffiaAxS:. ^mmmy^n 
wckmm.9 y y9m.A pxnBxt Lxhmi'mm 

0\,ZtmL (APXhbx-Ax) . ;?.x yrS l^MS. 

[0082] Z(r>X 0 ic. *^S£oj^Slc i Wfieitlsl 
»3 0 ^W&^iiX\^h^ity%m. I x^ibROT'- 

9i}^t>wm<r>T-'9<r)-H^^m^Lx. ^-fkMAix^ 
maj-rSJ: d tc LJt<Ot\ ^isym^m I xcot-:?« 

[0 083] X. 121 1. 012{C2|s|&BJ(?3m5O||ifi 

<^®Sr^^-t. J:^ Ufeig 1 m&mmx'M ,^ify% 
i}'(>s-iiiLtzy v^yym Kxta-p'v^Ty -y^y^^ 

/ ■ydf.y^ffl I Kxi&MT^j!l!aLT#<9iTJty -y^ 

I K Hx\,zmrf\yc J y^yym.ffi^mim 
sij-ri>t«oT'j>s, 

[00841011 iZTFTfy '•/^yi^^^)V-'i-yX' 

tt. ;^T'y7-Sl l-Ctta!l»«X^WJL7tf^, Xr-y 

^b\.zmrs%^vriwsmmxmLLxWi^Ltz% 

■y ^ yymm-? -y r<r)mmi:m^-ri « 

[00851 acv^T, Xf -yrs 1 2-S 1 4X\ SIS 
H«|§tfStX<0 B TC D 9 7 • CAi)^t,iXmmMX(0 

BTDC9 7* CA^T'OE^COlft^Bt^A tmc-f^ 
>il«»fflIDxS:H-aiL, Xr-yTSl 5T'CO>f 

:fymmw)m i Dx<;mmmm*ii>y y^ym 

IKxinmUdk, Xf--yrS4 7^jltJt, ^HlflC 

iHLfzyy^y'/mi Kxtmrn^tHLtim-mmi 

•y'^f y ^'ffi I Kx(old) i: , JjiC^tC^tJuM 

J: 04-iiioy «y y^^«S I KHx^Kjij-r 

I KHx<- (a • I Kx(old) + /9 • I Kx) / (a+/3) 
S, 

[00861 -J-LT. Xr-yrS48-C\ ±^*»^.»ai 

Sixjty -y^y^^MS I KHxT'±iBy -y^y^^»Sv 

•yr<0±iEXx.yrs 4 6Tl?igL^c®iSl=<gtt$ix-C 
V^SfiW!mE^'7y^fiaT-:J'2r5gffL, Xr-yT* 
SI l/XMS. 
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[0 0 87]±iey y^y/mSIKHxl±. 01 2(; 
lb, XT-yrS2 l-C'^-motfraS^fiSXSrm'JL. XT 

rs5 i^tf. 

[00881 Xx-y7-S51Tii, leiililffiS OKEIg 

KHxtyy:^^y^m&m^mKHt^ 

imt, I KHx>KHc7)y •y^y7'e?a30t#(iX-f 
•yrS2 5'S.it*, X. I KHxgKH<oy-y^y^M^ 

«iajofc &tt;^r -yrs 2 6 A^jity. 
[00893 -etr, xf •yrs2 5, siex-^im 
mmmtmiz^^n&a i GSr^st^ct*, xt 

•yrS2 INKS. 
[0090] 

[i6BSio?!!im] a^fliiaiico^BjtiWf, Mmm 
mmizm-th^tym^miy ^ f\^m^^:mL 

x^^mm^'^^f^i, z<7)miuz^:^ymm 
{zmr!\,^xtm]±bmcr>hh^ :^ym^im<^MU^ 

x\ mmm^i>ziiy^xi)m^^ixt:^^y9mm 

-ox. zffii^—^mizmt&^yy^^mm^n.ibt^ 
zbT. mMMKif^y^^fmiJEmizmtiitizb 

[0091] mm2w&<r)m^xtiii. ifomm 
mtizmoi-r^^ :fymmmy ^ fummmtx 

m-^^^xm&knm<Dhh^tymmmmm 

i:olzlt:<ov, msmmizX^y^ XiM^^tU:: 

^ym^Mizm-:}^ m\^-^i&^jEmizw.iii-fiz 
ttiK'^. m-yx. ;i<r>)^-9mznm-ti>9yy9^ 
a^jrtB-r&citT, mmim'^^y'^&.ms.mz 

m,-fh:ittfiX'%h, 

[00921 mm. 1 ^\^\i2sm<r>mjix' 
\i. n-msm^MWsmAizw&^ixx^^hiio^z. 

m, I'tz^ yyi^m.^:j^y=jy^mimziim.^ 
^\^mm^i^m.Lxmmim9yy9mi 
»ai-r s c: t x\ mmm<^m}^j:^mzMm-th 

[00931 i8*«5iesi<o^HB(c ititf . Mmmsi 
miizmtiith^ :fyVMmt:y ^ fu^miMLx 

m':s\<'>xy'y^yym.'^mm.bism<7)i>^^:ty 
^mwimn^i\Ai:ntii l , m^mizm-^^ y -y ^ 
ymiwc^hXoizifzffiv. mmwmizxi/ 
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1 8 

^ X*>B*$ti/i^ 7j-y«5gjg«)tt{c«-:f§ y y^y^ 

m-sm.zwii,-thz.b-ifx% . my-y^ymizs-^ 
^y-y^y ym.mM^i^wmzmmi z b n^x- & 

[00941 mime%m^W^^zi.fi\i. ±m^ty 
m&mm<r>^iiM<r>mM.mizm^i y-y^ yymm 
my y^ymizmrf^yv^yi/^±<^^mi: 
■pm-rixoi,zLfz(Dx\ y y^yy<r)m.i-mmz 
mtiithzbi}<x'h^b^^. y -/^y^r^tmt}^ 
10 m^m^Mmms-L. X. y -y^y/^mmii 
wckmm.^ yy9m.^]^^m7 -yraymmzmi 
^tix\^hi^jmn&^mnmiLLfzmx^mL!^^ 
mwckviv^ mh^^m\.zi&r5< j: d i.zms.itz 
nx. y-y^yy^i:^mz^mL^':>. mzuBTm^i 

[00951 7 tmrnmizxtm. i 
^m2§m(r>mizii\,^x. mmmmm^mm 

Lfc<i{c«cf# y ■y^y'/^(^^mimmt^Xd iz 
20 ^tii^^Th^xh. y y^yi/<r>m.i:mn^t 

Zb^j:<, mEKcy-y^ymmt:fioZbf}^X'^^. 
[009 61 Zff)i^, it^^6^V^li7lea^0^BSt' 

ii. msm8mMi9i,zim^tix\>^i,xdiz. ma^t 
\mw^m^Lx^-m^'y yy^im^rntat^ 

ZbX, m:^;m&(0-m^j:^iUzmi-lZbi)<X 

mi ]mimmmzxmm\mmmm 
30 [021 1^, mmmE^yyi'mmtiifv-^yiTp 

[03] y -y^y-zm^i^-i-yiriri-tyo-^ 

[04] ]^mmWi&v-i-yi:^yo-i-^r- 

h 

[051151. o-J^xyi)l'9Sim'MLtz^:^ymm. 

mbWibff)m^i:7pt^ 

[06] |5i, >'W>'^•;^7'f/^^'[lIS5^aL;t'^3ry1K6 
^bW±b<om^i^>t^ 

40 (071 1^, ^:^ymmt9iiiimi7^-ti'>( ^y-zi-^ 

[08] m2mmmm^zi^m:kimE^^y^&m 

[091 m3miM<mmtz^i&:km&^yy!^m 
m&fu-i-yim-ryo-i-^- h 
[010] m4ms&mmizx?>§ckimE^yy:^{iL 
wmtniu-i-yiTM'yo'-^^-h 
[01 1 3 ^smsummizxiy-y^yf^wm^ir- 

50 [012] PI. ^^mMfl^-i-yiyp-fyxu-i-^ 
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(11) ^¥10-2 

20 

I Kx-y-y^y^m 

IKHx-Z'/i^yf^m. 

ix-^:tyW,^m 



mi] 



g4- H!>9V?0«l!>»t -->" 
27 Hi»A$agte>9 I — » 



30- 
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